Design of a small peptide-based proteinase inhibitor by modeling the active-site region of barley chymotrypsin inhibitor 2.
A synthetic peptide-based proteinase inhibitor was constructed by modeling the regions responsible for inhibition in barley chymotrypsin inhibitor 2 (CI-2). The 18-residue peptide was designed by molecular modeling, based on the crystal structure of CI-2. The amino acid sequences that interact with the proteinase were preserved, as well as residues that maintain the structure of the inhibitory loop. A disulfide bridge was introduced to force the peptide to adopt a cyclic structure. Kinetic studies on binding of the cyclic peptide to subtilisin BPN', subtilisin Carlsberg, chymotrypsin, and pancreatic elastase show that the cyclic peptide retains both the inhibition properties, the kinetic mechanism, and the specificity of the original protein inhibitor. Formation of a cyclic structure was found to be essential, and activity was abolished by reduction of the disulfide. As with CI-2, tightest binding is found to subtilisin BPN', where the Ki value for the cyclic peptide was 28 x 10(-12) M, compared with 29 x 10(-12)M for CI-2 under identical conditions. This remarkable result shows that it is possible to use a short synthetic peptide to model the molecular recognition properties of the intact protein, in this case obtaining full functionality with just 18 residues instead of 83 for CI-2.